Abstract-Advances in the synthesis of carbon nanotubes (CNTs) have emerged as a result of the properties and potential application of carbon nanotubes. We demonstrated a simple approach of using domestic microwave oven with 600W at 2.45 GHz which was modified to produce CNTs from a carbon source on coated silicon oxide substrate. The Raman spectroscopy showed the graphitic nature of the obtained CNTs, with intensity ratio I D /I G calculated to be 0.92. Field emission scanning electron microscope (FESEM) reveals CNTs are produced on the substrate surface with outer diameter range of 11-44 nm and length of about 0.25 μm. HRTEM further confirmed the graphitic nature of the CNTs obtained. The purity of the nanotubes was analyzed with energy dispersive x-ray (EDX) which showed atomic weight of 98% carbon purity. This paper shows that domestic microwave oven can be used to synthesize CNTs with polymer as the carbon source via plasma catalytic decomposition which was found to be fast, economical and clean technique.
I. INTRODUCTION
Since the discovery of carbon nanotube (CNTs) by Iijima, extensive work have been carried out due to its unique electrical, mechanical, thermal, chemical and magnetic properties [1] , [2] with excellent potentials of revolutionizing nanotechnological sector. These properties greatly depend on the nanotubes diameter, chirality and the types of nanotubes form, whether single-walled or multi-walled [3] . CNTs exhibit potential applications such as nanoelectronics devices, field electron emitters, fuel cells, sensors, solar cells, biosensors and others [3] , [4] . Advances have been made by researchers, working extensively to develop diverse techniques to synthesize CNTs including arc discharge [1] , laser ablation [5] , chemical vapor deposition [6] and plasma enhanced chemical vapor deposition [7] . Although, these aforementioned techniques are expensive, requires sophisticated instrument, high time consumption and are not environment friendly.
Microwave-assisted synthesis technique has received much attention due to its applications in organic [8] and inorganic synthesis [4] , mineral treatment processes [9] , and preparation of catalysts [4] as compared to conventional techniques. Furthermore, microwave heating has been proposed by researchers to be an alternative to conventional heating due to its ability to accelerate rate of reaction, its volumetric heating, rapid heating, economical, and clean techniques. Porous silicon dioxide, silicon oxide, quartz glass, aluminum oxide and silicon wafer were used as substrates for the growth of CNTs [10] . Microwave heating basically offers an advantage of having higher heating rate compare to conventional heating. This heating phenomenon deals with the transfer of electromagnetic energy to thermal energy due to molecular interaction with the electromagnetic field. Therefore, the maximum temperature is determined using the dielectric properties of the receptor (material that has ability to absorb microwave energy), and it is believed that materials are heated differently by microwaves [11] . Carbon materials are found to have dielectric loss tangent (loss tangent is the ability of materials to absorbed microwaves energy and convert it to thermal energy) to be very high at 2.45 GHz [12] . Therefore, innovations in the synthesis of CNTs using alternative sources have received much attention over the past decades with improve quality and quantity, less time consumption, and reduce possible cost.
Polyethylene offers significant importance as the starting material in CNTs syntheses due to its potential as microwave absorber, conducting and environmental friendly polymer [13] . In this paper, an attempt was made to develop a technique that can synthesize CNTs economically, fast and in an eco-friendly manner by using domestic microwave oven in a batch process of synthesis. Polyethylene and iron(III)nitrate nonahydrous as starting materials. The plasma generated provides the temperature needed to initiate catalytic decomposition of the starting materials.
II. MATERIALS AND METHOD
All chemicals are industrial grade and were used as procured without further purification. The domestic microwave was modified to insert a quartz tube of volume 1860 ml. Quartz was recommended as safer process instead of glass, plasma may damage the glass. The tube was made vacuum continually during the experiment by using rotary vacuum pump. Reducing the tube pressure enhances plasma formation. The pressure inside the tube was kept below 1 mbar. Polyethylene ((C 2 H 4 ) n ) of 100 mg was used, also aluminum foil of 2.50×2.50 cm 2 , and iron(III)nitrate nonahydrous (Fe (NO 3 ) 3 9H 2 O) of 1 g diluted in 50 ml of ethanol which was dropped coat on silicon oxide. The coated substrate was placed in a furnace to evaporate the ethanol, to allow adhesion of the catalyst with substrate. The carbon source and the coated substrate were placed inside the tube to undergo plasma catalytic decomposition leading to carbon species and iron nanoparticles respectively. The carbon source and catalyst were heated without direct contact with the microwave energy source. The schematic representation of the experimental setup is shown in Fig. 1 . Moreover the designed do not require sophisticated process chamber and expensive materials as compare to conventional setup. The plasma starts few seconds after turning on the microwave oven and a bright purple colour was observed. As soon as the carbon decomposition starts, the process colour changed similar to a report elsewhere [14] . The carbon species diffuses across the iron nanoparticles, which condenses and then precipitate to form CNTs. The iron nanoparticles served as the active layer for CNTs growth. Temperature measurement showed the plasma region was 210 °C at 30 seconds, then after between 120-240 seconds it remains in the range of 750-820 °C. A black solid product was allowed to reach ambient temperature and collected for characterizations. Raman spectra of the sample was obtained at room temperature on a Witec Alpha 300R spectrometer with laser excitation wavelength of 532 nm, field emission scanning electron microscope (FESEM) images was captured on a Joel JSM-7600F, high resolution transmission electron microscope (HRTEM) images were observed on a FEI TECNAI G2 F20 X-TWIN. The elementary composition of the sample was analyzed using energy dispersive x-ray (EDX) from HRTEM micrographs attached to a FEI TECNAI G2 F20 X-TWIN machine.
III. RESULTS AND DISCUSSION
Information on the carbon structure was obtained by Raman analysis as shown in Fig. 2 . The Raman image of the synthesized CNTs shows two prominent peaks at ~1341 cm -1 and ~1602 cm -1 correspond to D and G-band respectively. These two peaks (D and G-band) are associated with both CNTs and graphite [15] . Therefore, D-band indicates level of disordered in the carbon atoms and G-band indicates level of ordered carbon atoms inside the CNTs as a result of first Raman scattering [16] . The ratio of D-band intensity, I D , and G-band intensity, I G , is given to be I D /I G , which determines the quality of CNTs samples [17] . The intensity ratio of the two peaks (I D /I G ) was calculated to be 0.92, which shows the graphitized CNTs have defects and the D-band was high due to the presence of amorphous carbons, metal particles serving as impurities [4] . Fig. 3(a) shows FESEM image of CNTs obtained from plasma catalytic decomposition of carbon sources on coated substrate. The synthesized CNTs are randomly oriented with diameter ranging from 11-44 nm and length of about 0.25 μm, the irregularities in shape and diameter of the obtained CNTs correlate to the defect level in Raman spectrum. This diameter range suggests the CNTs obtained are multi-walled carbon nanotubes (MWCNTs). Some remained of iron nanoparticles were found embedded inside the nanotubes as shown in Fig.  3(b) indicated by arrow due to the capillary action that occurs between the catalyst and substrate [4] . Therefore, the obtained product consists of MWCNTs with iron catalyst nanoparticles. The HRTEM image (Fig. 4) further confirmed the graphitized structure of MWCNTs with interlayer spacing of about 0.38.
The histogram image (Fig. 5) showed the diameter distribution of the obtained CNTs. Qualitative analysis using Image J image processing software was conducted to measure the CNTs diameter from the FESEM micrographs. The obtained diameters were deduced from FESEM image in Fig.  3 , and the data obtained was used to plot the histogram. indicates the structural integrity with FESEM that the CNTs have bigger diameter range. The average tubes diameter computed from the set of data is approximately 30 nm. Fig. 3(a) FESEM image of the MWCNTs synthesized using microwave oven. Table I shows the elementary composition of the obtained MWCNTs which revealed its purity. The prominent peak revealed the carbon content in the MWCNTs is about 99.20%. Therefore, the dominant element is carbon and from Table I , it also showed nitrogen, oxygen, iron and silicon content which come from the catalyst and substrate. Thus, this result indicates the incomplete reduction of iron catalyst, which may be due to agglomeration of the iron nanoparticles. 
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IV. CONCLUSION
In this study, we demonstrate an alternative technique to synthesize CNTs at possible reduce cost using environmental friendly polymer (polyethylene) as carbon source. We showed that for fast synthesis of CNTs via domestic microwave oven the presence of plasma, carbon source and catalyst is necessary. The plasma created by the interaction of microwave irradiation enhances the fast catalytic decomposition of polyethylene which condenses and then precipitate leading to CNTs formation. The Raman spectra show the graphitic nature of the CNTs, with intensity ratio (I D /I G ) of 0.92. FESEM revealed the nature of the CNTs which was randomly oriented and the histogram further confirmed the presence of CNTs with diameter range of 11-44 nm with length of about 0.25 μm. Iron nanoparticles were found embedded in the tube tips and bottom due to capillary action. HRTEM image confirmed the graphitic nature of the CNTs obtained. EDX analysis shows the level of CNTs carbon purity of about 99.98%. Proper control of the process parameters, may lead to mass production of CNTs with quality yields.
